Introduction

39
The use of stable isotopes in ecology is expanding rapidly (Kelly, 2000; Newsome et al., 2007; 40 West et al., 2006; Wolf et al., 2009) . This inexpensive technique has become extremely popular 41 to investigate various phenomena, from migration (Hobson et al., 1999) to diet estimation trophic level throughout the life of an individual, that is the detection of ontogenetic shifts
• Are seals faithfull to a foraging strategy (Bradshaw et al., 2004) 
where
a 1, j = isotopic value at ontogenetic shift a 2, j = slope before the ontogenetic shift a 3, j = log(K δ 13 C j ) a 4, j = slope after the ontogenetic shift ε i,1 ∼ N(0, σ δ 13 C,1 ) are the residuals before the ontogenetic shift ε i,2 ∼ N(0, σ δ 13 C,2 ) are the residuals after the ontogenetic shift 141 and σ δ 13 C is the residual standard deviation, which is allowed to be different before and after the . We implicitly assume that only the consumer, not its prey, can experience an isotopic 144
shift, but the model cannot be used to distinguish between these two alternatives (Matthews & 145 Mazunder, 2004) .
146
The individual coefficients a k ∈[1:4] , j are assumed to be exchangeable and drawn from a 147 multivariate normal distribution of vector mean α k ∈[1:4] and covariance matrix of dimension 4:
two independent covariance matrices each of dimension 4: one for δ 13 C and one for δ 15 N (hereafter referred to as 2x4x4). An obvious question is whether ontogenetic shifts in δ 13 C and 
158
Specifying the covariance structure of a model has generally received less attention than 159 specifying its mean response, but the problem is no less relevant (Pourahmadi, 2010).
160
Estimating a covariance matrix of size greater than 2 is a challenge: in addition to the usual 161 restriction to lie between −1 and 1, correlations are jointly constrained. For example, with a 162 3 × 3 covariance matrix, ρ 1,2 and ρ 1,3 can take any value between −1 and 1, but ρ 2,3 must then 163 conform to the following constraints for the matrix to be positive-definite and invertible
164
( Budden et al., 2007) :
Estimating a matrix such as represented in Figure 1 presents some additional challenges since 167 some elements are constrained to be 0. We opted for a Cholesky decomposition of V into a 168 diagonal matrix Γ and a lower triangular matrix L with 1s on the diagonal:
There are several Cholesky decompositions, all of which guarantee positive-definiteness
170
(Pourahmadi, 2007), but equation 3 neatly separates standard deviation (Γ) and correlation
171
(LL T ) parameters (Barnard et al., 2000; Chen & Dunson, 2003) . It becomes possible to force 172 some correlations to be 0 and impose the desired structure for V.
173
In a Bayesian framework, priors need to be specified on each of the parameters. Figure   183 S1 ( Figure S3 ). This prior gives reasonable values (that is between 0 and 10) for the variances 184 of the a i, j , but can be altered depending on the studied organisms. It is also somewhat 185 conservative as most of the probability mass for variance parameters is put on values less than 5.
186
This prior thus reflects skepticism for large differences between individuals. Uniform priors
187
were put on the residual standard deviations (Gelman, 2006) . 
Model Selection
189
With hierarchical models, model selection is a challenge and several methods have been
190
suggested, such as DIC (Spiegelhalter et al., 2002; Barnett et al., 2010) ; but there is currently no 191 consensus (Jordan, 2011) . We choose to avoid using the DIC because of drawbacks such as lack 192 of invariance to reparametrization (Spiegelhalter et al. (2002) and the following discussion). In when the Cholesky decomposition was used (see Table S2 ). 
Checking Model Fit
210
Once a model has been selected, it is crucial to check model fit (Gelman & Shalizi, 2010 ).
211
Therefore model fit was assessed for each individual using a goodness-of-fit statistic for 212 non-linear models (Vonesh et al., 1996; Huang et al., 2010) . This concordance coefficient is Vonesh et al., 1996; Huang et al., 2010) . This concordance coefficient assesses the fit of the 215 model at the individual level (Huang et al., 2010) , and is computed as follow, with j denoting an 216 individual:
where 
Ontogenetic Shifts
296
Results for the selected hierarchical change point model are summarized in Tables 2 & 3. The   297 residual variances for both isotopes were larger before the ontogenetic shift ( (Table 3 ). There is a sign reversal in slopes before and after the ontogenetic shift in both carbon 304 and nitrogen isotopes ( this shift occurred earlier (around 1.9 year-old on average).
331
The ontogenetic shifts we identified can be the result of several processes, such as complete Plateau (Bailleul et al., 2010) , which has an enriched δ 13 C signature compared to pelagic water 350 masses (Cherel & Hobson, 2007) ; before switching to an alternative strategy.
351
Concerning trophic level inferred from δ 15 N values, the shift occurred on average earlier than 352 for the δ 13 C data (Table 2) . Slopes before the shift were negative, yet they reversed sign after.
353
Their magnitude also halved before and after the shift, with very few individual variability left 354 after the shift ( 
